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ProjGCt =10 (I"ﬁ-niature Audio Oscilla‘bor) This- decament is parl of an ini:agrased
file. If separated from the file i:? must be
subjected to individual sysiematic review

This precjeet required an oscillator with the following major
specifications: . | |

1. Maximum size;"“a fx2Nx]

2. Frequency range, 30 to 3000 cpsv.

3. Frequency stability 2% with a temperature variation of O to

55 degreeévcentigrade.

4. Pulse waveform is acceptable

A thorouéh investigafion of the presently available circuit
elements revealed that the only device that would approach these
sg;?ifications in an audio oscillator was the General fMectric
P

/ZJjZ’ experimentgl unijunction transistor. A gearch of the literature
C\@

I S

” . . - \
vealed that no work had been done to determine which(éJ—lAfphrameters
: - N
are important to the frequency stability of an audio oscillator.
One way to determine the characteristics of any devide is to obtain

a quahtity of them and run a statistical evaluation. With this in mind
24/?J—1§/%ransistors were ordered and a series of tests were made kon

these units in-ewder to determine what parameters should be specified

bere-in order to
be able to Build an oscillator with the required specificationss
This report ouflines,the‘results of some kof these tests - |
Figure 1 shows Fhe basic oscillator circuit; This is a relaxation
oscillator. Resistor R determined the time required for the condenser
C to charge. When the voltage across C reaches a certain value the
forward resistance of the transistbr Junction reduces to & very low

value discharging C. The cq@denser then charges through R again and

This decument is parl of an integrated
file, If soparafad from the file i must he
¢ subjected to individual svsiematic review.
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the cycle is repeated. The frequency may be varied by chahging

’ 7

the value of R or C. The value of the junction "breakdown" voltage (VOUA&E svzu %
the Junction ¢

erl)

depends on two th‘ings 3 the voltage on base number 2 and the hﬁﬁg m&mﬁ
"stand-—off’ﬂt ratio" of the transiztor. The "stand-off ratio" e) f/ "‘ﬂ"’

' preqiddown'’ VOUTAGE +p ¢he Z
is the raglo of theAbase nunber 2 voltage and-ihe-lhreskdewny ~—
vol:begeﬁﬂ.s & function of the particular transistor and may have

& value of from 0]

, to nearly @1.0. The base number 2 voltage is

\ . & 5'2”& &be

In order 'ﬂetr,\ oscillator te

had to be investigated!

1. Leakage current. (This is the reverse current that flows
across the junction ‘when voltage is applied to the bases
and the junction voltage is below the "breakdown" value.

Stand-off ratlo( e)

3. Basex to base res:.stance(!? b)@his resist@nce is important

2

because it sets the value of base number 2 voltege).

kw],,ew_ 1S, ﬂ%uméd thot the ‘on’ Fiwme i swmg/l @mﬁ”’@d with th€
Ty ©" Zim é 1‘5\ e% frequency of- osc1llatlon is related to the transi%tor

parameters by the following express1on:

'Rb"“ ‘R- 1

HB.biis the base-~to-base resistance.

Figﬁre 2. shows that this equation is aecurate. This fugure
also shows that 1ea.kage-current has no effec't on the frequency
provided it is of the oz;der of 1 microampe;:‘e. It will be noted-
that all of the poir;ts lie to the left of the line. The effect of

leakage current ig to increase the measured fre vency,therefore ‘
g P ,%€ %e AL Lok (?aﬁir a2, ?;.‘P'f X%ﬁlrf@ﬁktrﬁ I 1Y Ph 5@4%&5
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if leakage current had any effect on the frequency of oscillation
| the kpoints Qould i?élté the right of the line or at a higher measured
| frequency. Errors in measurement probably accoumt for the fget that
the poini;.s do net lie exactly on the 45 degree line.

In order. to determine how these parameters are related to the
frequency stability the first derivative of frequency with respect
to K and«S@S®: was found: ( R ' '
df
d%ﬁéﬂ@ kcﬂ,f(/ p{shl ) ,@-g«@)

xEkexeThis eq;atlon was checked and 1’0 was found that as the

value of K and &= is 1ncreased daf becomes smaller. In
d .

| (K

other words the oscillator will be more stable when the absolute

value of K and m. is large. Fimgure 3 shows that this is true.
value
Figure 3 can be used to determine what/hggs R, and €¥R. &k must

e T

have, to obtaln a given frequency sta.bllltyx over the temperature range

of 0 to 55 deg. .

/

Figure 4 gives an indication as to why these transistors are —
temperature stable. At a temperature of 8Qdegrees centigrade

this particular unit has a base- to-base resistance of 9000 ohms.

pasl-to-nes¥
This same transitor had a.,@es:.stance of 9600 ohms when operateﬂ

ovature
at rzom tant’® in an oscillator circuit with an applied voltage of 45 volts. In

other words the operating temparature of the transitor is greater

than 80 degrees centigrade in this exmmx instance. Lyris—-sota~en

temperature
the e.mblent/thz osgﬂlator should be relatvel stable.

D eaaad.

- “_"?"'

:14.:7: Vo ,-r,!?-'g (2 ~'v r'y;yr;; ﬂ & feEa o
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There is, however, a short period of instability during the initial
application of power;to the oscillator. Several curves showing' .
-.this variation versus time are shown in figure 5. Assuming that the
silicon in 3hﬁixthese transistors has a the dimensions of
04N x .Olé"_x 011" and a iypical value of power input is 0.1 watt
then the rise in temperature is approximately 510 degrees'centigraée
" per second. Vﬁnu @ﬂxzuazkﬁlfhis assumes there is no dediksskdissipation
mounting

of heat through the/supports but kkthe significant thing is that €)qure \Shows

that  the temperature should stabilize relatively fast.

P
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Figure @ is another relation showﬁng t};at the units with
higher stand-off ratios tend go have higher base resitance. This
is a favorable situation xﬁﬂﬁsince‘both of these parameters should
‘be large for the most sﬁable-oberation;
FlgureS'éi?;~and-8-are plots of freguency variation vs. time.
‘These mmxmx curwes show that there is considerable difference
between units and all units show some frequency variation when run
continuously for long pefiodsvof time. However the units with ﬁhe
higher stand-off ratio seem to have better stability in this respeﬁt.
Further tests are needed to determine the secular stability of a
large number of unitSe ’fAV\téA'
Most of the units ‘that were testedked only a small change in
'stand—off retio with changes in supply voltageiprovéded the supply
voltage was of the order of 45 volts. if tﬁe stand~-off ratio
remains constant with changing suppli voltege then thé only
remaining variable affecting the frequenny is the base reéistance.
This resistance will chahge because of changes in ﬁhe power input
to the silicon and resultlng change in temperature. Units that
were checked showed only a negligible change in frequency with supply

voltage variations of from 45 to 35 volts.
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